Abstract. In recent years, the Ningxia Section of the Yellow River Basin of China has become waterstressed due to the reduction of the upstream precipitation, to the serious water and soil loss in the midstream, to the increased water consumption in industrial and agricultural areas and to other reasons. To fully understand the runoff variation of the Yellow River in the Ningxia Section of China and to rationally carry out the water dispatching and the water resource management, the applicability of the SWAT model for water balance in this basin is explored. show that the simulation results basically meet the model evaluation requirements, indicating that the SWAT model is applicable to the runoff simulation of the Ningxia Section of the Yellow River Basin of China, and it can provide decision-making basis for water resource management in the Ningxia Section of the Yellow River Basin of China.
Introduction
The water quality and quantity play a very important role in the aquatic ecosystem. To protect the river ecosystem, the scientific hydrological knowledge is required (Armanini et al., 2011) ; a Canadian Ecological Flow Index was developed based on benthic macroinvertebrate flow sensitivity index for Canadian rivers. The river runoff plays a pivotal role in water quality and ecology, including phytoplankton, zooplankton and Bacterial communities (Godlewska et al., 2003; Sokal et al., 2010; Wu et al., 2015) , and also including hydrological indicators and their application to ecological management and research, such as basin or river health assessments (US EPA, 2015; Biggs et al., 2002) .
Hydrological systems are complex and difficult to understand. To overcome these difficulties, hydrologists have studied hydrological systems with a simpler approach that is the hydrological model (Xu, 2002; Woessner, 2012) . To research the different influencing factors of hydrological systems, the hydrological model has been continuously improved (Chow et al., 1988) . In order to clarify some of the characteristics of the hydrological system, the hydrological model is used to simulate hydrological systems in the basin under climate change conditions, such as climate change, land use and soil (Leavesley et al., 1983; Viessman et al., 1989) .
The SWAT (Soil and Water Assessment Tool) model was used to simulate the hydrological processes in the research area as they are influenced by the input data, namely slope, soil, land cover and climate. The SWAT model is the one used for simulating hydrological processes, and related to the input data, soil, climate and land use, as well as other factors. The SWAT model is a distributed watershed hydrological model developed by the Agricultural Research Service (ARS) of US Department of Agriculture (USDA) (Arnold et al., 1998) . It is currently a relatively advanced international watershed hydrological model, and this model is mainly used to simulate the water quality and quantity of surface water and groundwater. It can predict the impact of the land management measure on the yield of hydrology, sediment and agricultural chemicals in large and complex watersheds with various soils, land use and management conditions.
The SWAT model is widely used in the world. Liu et al., 2013 Liu et al., , 2014 . With the best parameters, the SWAT model will be used to simulate the pollution conditions in the selected watersheds (Dechmi et al., 2012; Liu et al., 2016) .
In this paper, to fully understand the runoff variation of the Yellow River in the Ningxia Section and to rationally carry out the water dispatching and the water resources management, the applicability of the SWAT model for water balance in this basin is explored. Based on the improved SWAT model, the distributed hydrological model of the Ningxia Section of the Yellow River Basin has been constructed.
Material and methods

Research area
The Yellow River has the entrance in the Xiaheyan in Zhongwei City, Ningxia, China. It flows through Zhongning County, Qingtongxia City, Litong District, Lingwu City, Yongning County, Yinchuan City, Helan County, Pingluo County, Dawukou District and Huinong District, and flows into Inner Mongolia in Shizuishan. There are three hydrological stations on the main stream of the Yellow River, including: Xiaheyan, Qingtongxia and Shizuishan Hydrological Stations. The Yellow River Basin in Ningxia Section is located in the north latitude 36°0´-39°23´ and east longitude of 104°17´-107°39´, and the drainage area is 51400 km 2 . Its landform type is the alluvial plain of the Yellow River, and its terrain is flat; its ditches are vertical and horizontal, and its elevation is between 1100 and 2500 m. It is a temperate arid zone with sufficient sunshine. The average annual sunshine hour in the Basin is 2750-2950 h, and the annual average wind speed is 1.7-2.5 m/s. Its temperature difference is large; the heat is rich, and the frost-free period is longer. The Basin is continental climate, with drought and little rain, and its average annual precipitation is 180-220 mm. The annual precipitation changes are weakened from the north to the south. The monthly average difference of precipitation in its Yellow River irrigation area is relatively significant, and the distribution in the year is extremely uneven. The precipitations in arid area in central Ningxia and the southern mountainous areas are relatively flat during the year, showing the seasonal changes. The precipitation in the Basin is unevenly distributed during the year, and the dry and wet seasons are obvious. The precipitation in July-September accounts for 60%-70% of the annual precipitation, and its evaporation is strong, with an average annual evaporation of 1100-1600 mm. The land use types mainly include grassland and cultivated land accounting for 33.74% and 48.76% of the basin area respectively, while the forest land accounts for 3.60% of it, the water area 1.43% of it, the urban and rural industrial and mining resident land 1.46% of it, and the unused land 11.01% of it.
Theory of the SWAT model
The SWAT model has a sub-module for each link of the water cycle, and its design idea is advanced. Such design method is very beneficial for the expansion and application of the model. The model establishes an important connection between the river basin process and the land use activity. Therefore, the applicability of various decisions in the basin management can be evaluated. Different sub-models can be selected and used based on different research purposes. It is also very unique in its operation mode. The SWAT model uses a specific command code control method to control the evolution of water flow in the river network and between sub-basins.
According to the river network system, SWAT divides the studied basin into multiple sub-basins, and maintains the spatial relationship between the geographic location of basin and the sub-basin. There are different meteorological, hydrological, land use, soil, agricultural management measures and pesticide application in each sub-basin. Then, the sub-basin is divided into multiple HRUs (hydrologic response units) based on factors, such as land use type and soil type and their common attributes. The hydrologic response unit is used as the minimum hydrological simulation unit to simulate the various parts of the water cycle and its quantitative transformation relationship, and then the sedimentation, runoff and non-point source load of each hydrologic response unit in http://www. the sub-basin are summarized; finally, the water balance of the basin is obtained through the river network convergence calculation. The SWAT model is essential for water balance in the basin simulation process. The hydrological simulation of the basin is divided into two parts: one is the land phase of the water cycle, which is mainly used to control the water, sediment, nutrients and pesticide amount; the other part is the calculation phase of the water cycle, which is used to define the movement of water, sand and other substances through the basin water network to the outlet part of the basin.
The SWAT model simulates the land phase of water cycle by using the following water balance expression: Q are respectively precipitation, surface runoff, evaporation, lateral stream flow of soil aquifer and infiltration amount, groundwater content (mm) of the i th day. The land phase of the water cycle of the SWAT model is mainly composed of meteorology, hydrology, sedimentation, vegetation growth, soil temperature, pesticides, nutrients and agricultural management, etc., while the calculation phase of the water cycle of the SWAT model is divided into two parts of the main channel and the reservoir, and mainly determines the transport movement of water, sand and other substances from the basin river network to the basin exit. The SWAT model has a number of modules that can be run separately or in combination with several of them depending on the object and content being simulated. The structural design adopted by the SWAT model is modular, which fully reflects the specific links from the beginning of precipitation to the formation of runoff in the basin.
Construction of SWAT model database
Before the simulation with the SWAT model, it is necessary to prepare relevant digital elevations, land use and soil maps and related database files to facilitate the generation of SWAT model input data sets. Considering the artificial disturbances, such as irrigation channels, drainage channels and river channels in the plain irrigation area, the SWAT model is improved in the extraction method of the ditch river network, the sub-basin and the division module of the hydrologic response unit. Specific practice includes that: according to the spatial distribution of natural river channels and artificial drainage ditch networks in the study area, the "burn-in" algorithm is used to sag the DEM. The principle of this method is to convert the digital river system and the drainage ditch network into the grid form, and its grid cell size is consistent with that of the original DEM. These grid cells are transformed into the unified coordinate system after the projection, and overlaid into the original DEM through the superposition. Keep the elevations of all grid cells in correction channel unchanged, and increase the elevations of the grid cells in non-correction channel perpendicular to the river direction by a small value, so that the elevation of the grid of the river channel is lower than the coastal elevation. Then, the modified DEM is processed again to generate a new basin http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1702_34833497  2019, ALÖKI Kft., Budapest, Hungary river network. For the artificial water distribution channel, the DEM is processed by the principle of the elevation increment superposition algorithm. To make the sub-basin of the SWAT model in the irrigation area consistent with the irrigation area covered by the dry-drainage system in the irrigation area, and to avoid that too many sub-basins generated in the process of spatial discretization result in excessive spatial data conversion and calculation, the areas covered by the backbone channel and the drainage ditch are used as the dividing standards to set reasonable minimum channel catchment area threshold to divide the sub-basin, and then to divide each sub-basin according to the consistency of land use and soil type. Later, considering different crop planting structure, the farmland is refined to form the hydrologic response unit.
DEM data
The digital elevation model is essential when the SWAT model is used for basin division, water system generation and hydrological process simulation. The most common DEM map is grid type. Using DEM data can not only calculate the slope and slope length parameters of each sub-basin, but also define the basin river network. The channel slope, slope length and width of the basin river network and other characteristics are extracted from the DEM data. The basin river network can be used to determine the quantity and distribution of the sub-basin.
Most parts of DEM are relatively smooth terrain surface models, but for the error and the existence of some special terrain, there are some concave areas on the surface of DEM, which leads to low-precision water flow direction and makes the original DEM data unable to meet the research needs. Therefore, before most of simulation experiments, the original DEM data will be filled in depression by the hydrological analysis model of ArcGis Software, and finally the non-depression DEM data meeting the research requirements will be obtained.
The high-resolution DEM data SRTM (Shuttle Radar Topography Mission) 90-meter resolution data used in this paper can be downloaded from the International Scientific Data Service Platform of the Chinese Academy of Sciences (http://datamirror.csdb.cn/index.jsp), and cropped within the scope of the study area, see 
Land use data
Using the SWAT model to simulate water resources in the basin and the land use map are very important. Humans will not easily change the topography and soil in the basin, but the land use will be changed by humans. Therefore, it is recommended to use the latest land use map for simulation. For the projection coordinate system of the land use distribution map, in case it is different from that set in the research, the projection module Projections of ArcToolbox needs to be used for projection transformation. The categories for land use map definition should be re-classified, and based on the classification determined by the SWAT's land cover/vegetation type database and the city database. Then a lookup table in the required format is generated to determine the code of each land use type on the land use map in the SWAT model (where 4 characters are required).
The national land use map collected in this paper is in shp format. It is first cut based on the boundaries of the basin, and then converted into the Grid format. Since the land use classification system of the SWAT model is classified based on the US classification system and is different from China's land use classification system, it is necessary to reclassify the land use types and convert the code in the land use map into the one that the SWAT model could identify. Refer to the Land Use Status Classification Standard (GB/T21010-2007) and the land use attribute database of the SWAT model, and then establish the land use database for the Yellow River irrigation area. The land use types reclassified are shown in Table 1 . 
Soil data
The soil type charts collected in this paper is shp format. Same with the land use type, it is firstly cut based on the basin boundary, and then converted into the Grid format required for the model.
The soil types in Ningxia section of the Yellow River Basin mainly include the Light sierozems, Neo-alluvial soils, Aeolian soils, Calcic skeletal soils, Fluro-aquic soils, Wet fluro-aquic soils, Salinized fluro-aquic soils, Surface-rusted fluro-aquic soils, Cumulated There are 12 categories of irrigated fluro-aquic soils, Meadow solonchaks, Aquic irrigation silting soils, Surface-rusted irrigation silting soils, among which Light sierozems is the most widely distributed, accounting for 35.66% of the total area, followed by Aeolian soils and Neo-alluvial soils, Yellow River. The soil types and SWAT model codes of Ningxia section of the Yellow River Basin are shown in Table 2 . When the SWAT model is simulated, the soil data required mainly includes two types: chemical attribute data and physical attribute data. The chemical attribute is optional data and chemical attributes of the soil are mainly used to assign the initial values to the model; the physical attribute is required, the physical attributes of the soil play an important role in water cycle of the hydrologic response unit, which determines the movement conditions of water and air in the soil profile. Before simulation, the hydrological and water conductivity attributes of various soils should be input into the SWAT model and divided into two parameter types, which are input by the soil type and soil layer. The soil particle size composition, soil layer and organic matter content used in the research can be found in Ningxia Soil. The international system standards and Kaczynski system are used for soil texture in China, and the soil particle size standard used in the SWAT model is the American system, therefore, the domestic data cannot be directly used in the SWAT model and the soil particle size should be converted from the international system to American system. The two classification criteria are shown in for soil texture conversion. Generally, the soil particle size distribution model in the parametric form is more suitable for general model, because it is more convenient for establishment of standard procedures and comparison and unification of particle size analysis data from the different sources. The empirical logic growth model of the twoparameter correction is used to convert the soil texture in this paper. The LevenbergMarquardt+ general global optimization algorithm of the nonlinear fitting program in the 1STOPT software is used, and the values of the parameters u and c are obtained by the relevant regression iteration, and the content of clay, silt, sand, rock (gravel) is finally determined. Other soil parameters such as soil bulk density, effective field capacity and saturated hydraulic conductivity are calculated using the Soil-WaterCharacteristics (SWCT) module in the soil water properties software SPAW developed by Washington State University. The soil erosivity factor can be calculated based on the known soil organic carbon and particle composition data and by using the soil erodibility factor K estimation method in the EPIC model. 
Weather data
The daily weather data required for SWAT model stimulation includes the following: maximum temperature, minimum temperature, rainfall, wind speed, solar radiation and relative humidity etc. If the measured data is partially missing, the SWAT model defines the weather generator used to supplement the missing data. The weather generator requires input of meteorological data related to the basin and monthly meteorological data for at least 20 years, mainly including monthly average maximum temperature (°C), monthly average minimum temperature (°C), maximum temperature standard deviation, minimum temperature standard deviation, monthly average rainfall (mm), monthly average rainfall standard deviation, rainfall skewness coefficient, monthly number of dry days (dry d), monthly number of wet days (wet d), average rain days (d), dew point temperature (°C), monthly average solar radiation [KJ/(m 2 .d)], monthly average wind speed (m/s) and maximum half-hour rainfall (mm).
The daily observation data of Ningxia Zhongning, Yinchuan, Huinong and Taole for 23 consecutive years from 1995 to 2017 is used in this paper, including daily maximum/minimum temperature, rainfall, wind speed, relative humidity, etc. The above data is processed in .dbf format required for SWAT model. If the weather generator is used to calculate the parameters one by one, the workload is complicated; however, the simple and easy-to-operate calculation program SwatWeather.exe saves a lot of working time for the model users. As long as the files are input in required format, the required data can be calculated and saved according to the prompts. http 
Division of hydrological response unit
When the SWAT model was used for simulation in the past, the hydrological response units were divided basically based on natural basins; however, the irrigation network in Ningxia section of Yellow River Basin was completely completed by artificial canals and the irrigation districts along Yellow River currently have 17 large and medium-sized diversion main canals and main canals. In this paper, based on the actual situation of the Ningxia section of the Yellow River Basin, the artificial canal network is used as the water system to divide the Ningxia section of the Yellow River Basin into several hydrological response units based on the division principles of hydrological response units.
Results
The SWAT model needs to perform the sensitivity analysis according to the actual situation of the research area, and analyze and judge which input parameter values are sensitive to the output results. The analog value of the model is close to the measured value by adjusting these parameter values. The SWAT model parameter analysis module is used to continuously adjust the parameters in the model. The adjustment process should analyze and determine which parameters are sensitive to the results and the degree of influence on the simulation results based on the actual situation and the parameter thresholds, which will make the simulation more accurate. After the sensitivity analysis on the model input parameters, the measured series data is subsequently divided into two parts, one part is used for model parameter calibration and the other part is used for model validation. After completing the model parameter calibration, the measured series data and simulated data are analyzed and compared to judge whether the simulation accuracy meets the requirements; the model applicability and reliability is validated, if the simulation value meets the requirements, the model can be used for hydrological simulation of the Ningxia section of the Yellow River Basin. In the basin simulation, the parameters sensitive to the runoff simulation results include the soil evaporation compensation coefficient ESCO, the number of runoff curves 2 CN and the available water amount in the soil. In the SWAT model simulation process, the relative error , it indicates that the model simulation average value has a lower reliability than directly using the measured average value.
Model parameter calibration
The SWAT model parameter calibration can be conducted by using the "Brute Force" method in two stages. In the first stage, the step size to be calibrated is estimated and the parameter value is appropriately adjusted based on the estimated step size and within the value range, subsequently the parameter is calibrated and the parameter optimal value range is determined by calculating and evaluating the system values; in the second stage, the initially estimated parameter adjustment step size is further refined. As some variables have the great impacts on the results at the initial model operation period, for example, the initial value of soil water content is zero, which has a great impact on the simulation results. Therefore, for this case, the initial simulation period is used as the model operation start period to reasonably estimate the initial variables of the model. The digital filtering technique is used to divide the measured total runoff into the base flow and the direct runoff. The difference between the model simulation value and measured value and its percentage with the measured average value (relative error) should be within the specified range and the evaluation coefficient 2 
R and
Ens of the monthly average stimulated value should also meet the specified accuracy standards. If the measured value and stimulated values meet the calibration requirements, but 2 
Ens do not meet the requirements, the inspection should be conducted and the full consideration should be taken on spatial non-uniformity of simulated rainfall and correct stimulation of plant growing season. For the runoff parameter calibration, the annual average error between the simulated and measured values should be less than 20% of the measured value, and the evaluation coefficient of the monthly average value is 6 . 0 2  R and 5 . 0  Ens ; after the base flow parameter calibration, the same evaluation method is used to the surface runoff for parameter calibration. Considering that the total runoff parameter adjustment will affect the base flow, the base flow should be re-inspected continuously in the adjustment process.
In this paper, the measured monthly runoff data of 
Conclusion
In this paper, the GIS software is used for to cutting, projection transformation and reclassification of DEM, land use and soil data for Ningxia Yellow River Irrigation District, and convert these data formats into Grid format required for the model; based on the actual situation of Ningxia Yellow River Irrigation District, a attribute database such as meteorological, hydrological, and soil physical attributes required for the SWAT model is established. The constructed SWAT model is used for hydrological http://www.aloki. 
